Abstract. The aim of the present report was to develop nonionic surfactant vesicles (niosomes) to improve poor and variable oral bioavailability of griseofulvin. Niosomes were prepared by using different nonionic surfactants span 20, span 40, and span 60. The lipid mixture consisted of surfactant, cholesterol, and dicetyl phosphate in the molar ratio of 125:25:1.5, 100:50:1.5, and 75:75:1.5, respectively. The niosomal formulations were prepared by thin film method and ether injection method. The influence of different formulation variables such as surfactant type, surfactant concentration, and cholesterol concentration was optimized for size distribution and entrapment efficiency for both methods. Result indicated that the niosomes prepared by thin film method with span 60 provided higher entrapment efficiency. The niosomal formulation exhibited significantly retarded in vitro release as compared with free drug. The in vivo study revealed that the niosomal dispersion significantly improved the oral bioavailability of griseofulvin in albino rats after a single oral dose. The maximum concentration (C max ) achieved in case of niosomal formulation was approximately double (2.98 μg/ml) as compared to free drug (1.54 μg/ml). Plasma drug profile also suggested that the developed niosomal system also has the potential of maintaining therapeutic level of griseofulvin for a longer period of time as compared to free griseofulvin. The niosomal formulation showed significant increase in area under the curve 0-24 (AUC; 41.56 μg/ml h) as compared to free griseofulvin (22.36 μg/ml h) reflecting sustained release characteristics. In conclusion, the niosomal formulation could be one of the promising delivery system for griseofulvin with improved oral bioavailability and prolonged drug release profiles.
INTRODUCTION
In recent years, transporting the drug molecules to the desired site in the biological systems has become a very specific and sophisticated area of pharmaceutical research. The role of the drug delivery system is not only limited to a drug package just meant for convenience and administration but to bring a required change in therapeutic efficacy and safety by carrying the drug molecules to the desired site in the most convenient manner. The oral route is the most common and convenient method of drug administration to the patients, however, oral administration of drugs often lead to degradation due to the highly acidic gastric environment, enzymes of the mucosa or liver, before they enter the systemic circulation. Beside many highly polar drugs, macro molecular drugs may not be absorbed because of their insufficient poor solubility, lipophilicity, and large molecular weight (1) (2) (3) (4) .
The antifungal agent griseofulvin is also poorly watersoluble drug, and its absorption from oral route is also poor (5, 6) , as a result, failure in providing effective plasma drug profile on conventional oral administration. The deep-routed micella of fungal infection necessitate antifungal therapy for prolonged period (7) . The large dose and frequent administration of griseofulvin may lead to contraindicative manifestation (8) . The carrier system serves to protect the drug from prematured degradation and inactivation and protects the host from unwanted immunological or pharmacological effects. A wide variety of carriers can be found in nature which serves to bring specific molecules to specific cells. The conventional micellar systems are known to enhance the solubility of poorly absorbed drugs resulting into improved bioavailability (9, 10) . Drug delivery system using colloidal particulate carrier, such as liposomes (11) or niosomes (12) , has distinct advantages over conventional dosage form and micelles because the particles can act as drug containing reservoirs. Niosomes are now widely studied as an alternative to liposomes because they alleviate the disadvantages associated with liposomes, such as chemical instability, variable purity of phospholipids, and high cost (13, 14) . Niosomes are nonionic surfactant vesicles and may also be used as a vehicle for poorly absorbable drugs for designing the novel drug delivery system. The niosomal system supposes to enhance bioavailability of poorly bioavailable drugs by crossing the anatomical barrier of gastrointestinal tract via transcytosis of M cells of Peyer's patches at the intestinal lymphatic tissues (15) . The present study was aimed at developing and exploring the use of nonionic surfactant vesicles for increasing oral bioavailability of inadequately bioavailable griseofulvin.
MATERIALS AND METHODS

Materials
Griseofulvin was a benevolent gift from Glaxo SmithKline Pharmaceuticals Ltd., Mumbai. Span 20, span 40, span 60, cholesterol, and dicetyl phosphate (DCP) were purchased from Sigma Chemical Co. (St Louis, MO, USA). All other chemicals were of reagent grade and purchased from CDH, India.
Preparation of Niosomes
Thin Film Method
Niosomes formulations were prepared by slight modification in lipid film formation technique reported by Jain et al. (16) . The surfactant:cholesterol:DCP were taken in different weight ratio (10 mg total weight of surfactant-lipid mixture) in a round bottom flask and dissolved in 10 ml chloroform, and 20 mg griseofulvin (1:2 ratio of surfactant-lipid mixture: drug) was added in this lipid mixture. The surfactant/lipid/ drug film was formed by the evaporation of chloroform using rotavapor (Strike (R) 102), and then, the resulted film was hydrated with 10 ml phosphate-buffered saline (PBS; pH 7.4) aqueous solution for about 45 min. Temperature was maintained at 60±2°C. This was lead to the formation of multilamellar vesicles.
Ether Injection Method
Various niosomal formulations were prepared by ether injection technique reported by Satturwar et al. (17) with slight modifications. Briefly, nonionic surfactant (span 20, 40, and 60) and cholesterol in different ratios were weighed accurately (10 mg total weight of surfactant-lipid mixture) and dissolved in 10 ml of chloroform. Griseofulvin 20 mg (1:2 ratio of surfactant-lipid mixture:drug) was then dissolved in the lipid solution. The resulting solution was taken in a syringe type of infusion pump and injected slowly into 10 ml of aqueous phase (PBS, pH 7.4) held in a beaker maintained at 60±2°C and agitated slowly with the help of magnetic stirrer. As the lipid solution was injected slowly into the aqueous phase, vaporization of chloroform resulted in the formation of niosomes.
Separation of Unentrapped Drug/Purification of Vesicles
The niosomes were purified by size exclusion gel chromatography method reported by Uchegbu et al. (18) . Briefly, 0.2 ml niosomal formulation was poured above the Sephadex G50 minicolumn and centrifuged at 200×g for 10 min using PBS 7.4 as an eluent. The purified niosomal formulation was stored (PBS 7.4) in amber color glass vials.
Optimization of Niosomes
Niosomes using different ratio of different surfactants and cholesterol were prepared by thin film method and ether injection method. These preparations were optimized on the basis of size distribution and entrapment efficiency. The different surfactant (span 20, 40, and 60):cholesterol: DCP were taken in the different ratio of 125:25:1.5, 100:50:1.5, and 75:75:1.5. Volume of aqueous phase was 10 ml. Time and temperature for hydration was kept 45 min and 60±2°C, respectively.
Characterization of Formulations
Vesicle Morphology and Size Analysis
The prepared niosomal formulation was characterized for their morphology using Transmission Electron Microscopy (TEM). Briefly, to an aliquot of a suspension of prepared formulation, sufficient quantity of 1% phosphotungstic acid was added and mixed gently. A drop of the mixture was placed on to the carbon-coated grid and drained off the excess. The grid was allowed to dry, and it was observed under transmission electron microscopy (Philips TEM). Photographs were taken at suitable magnification. The results of TEM are shown in Fig. 1 . The vesicles size was determined by dynamic light scattering method (DLS) in a multimodal mode using a computerized inspection system (Malvern Zetamaster, ZEM5002, Malvern, UK). For vesicles size measurement, vesicular suspension was mixed with the appropriate medium (PBS pH 7.4), and the measurements were conducted in triplicate.
Entrapment Efficiency
For determination of entrapment efficiency, the unentrapped drug in niosomal formulation was separated using the Sephadex G-50 minicolumn centrifugation method (18) . The separated niosomal suspension (1 ml) was disrupted using 0.1 ml of 0.1% Triton X-100 in distilled water for 5 min. The resulted solution was centrifuged at 3,000 rpm for 5 min. The TFM III niosome preparation supernatant was decanted off and suitably diluted with methanol:PBS (pH 7.4; 9:1 v/v ratio). The drug was estimated spectrophotometrically at λ max 291.0 nm against methanol-PBS containing 0.1% Triton X-100 as blank.
In vitro Release Studies
In vitro release studies of griseofulvin from niosomes were performed according method reported by Hu and Rhodes (19) . The optimized formulation of span 20, 40, and 60 for entrapment efficiency (TFM-III and EIM-III having composition ratio 75:75:1.5 of surfactant:cholesterol:DCP) was taken for in vitro drug release studies. Dialysis tube containing appropriate volume of griseofulvin-loaded niosomes dispersion was placed into a flask containing 100 ml hydroalcoholic solution (methanol:PBS 9:1 v/v ratio, pH 2) and hydroalcoholic solution (methanol-PBS, pH 7.4). Different pH values were selected for in vitro drug release studies to evaluate effect of pH on drug release and to simulate stomach and blood pH. The niosomal formulations were compared with plain griseofulvin suspension in PBS 7.4 solution (10 mg/ml). The flask was shaken at 50 rpm at 37°C. Aliquots of dialysate were taken at predetermined time and replenished immediately with the same volume of freshsimulated fluid, and withdrawn sample was assayed spectrophotometrically at 291 nm.
Stability Studies
The prepared formulations were tested for stability by storing them at 4±1°C and at 25±2°C. Formulations were assessed for vesicles size and shape and number of vesicles per cubic millimeter before and after storage for 30 days. Residual drug content was also assessed on 15th and 30th day. Size of the vesicular systems was determined by dynamic light scattering method. The shape of the vesicle was observed under light microscope. The number of vesicles per cubic millimeter was calculated by method described elsewhere (20) using a hemocytometer by applying the following formula:
Number of niosomes per cubic mm ¼ Total number of niosomes Â dilution Â 400 Total number of small squares counted
Formulations were evaluated for residual drug content by taking samples at 15th and 30th day and estimated by spectrophotometric method, and absorbance of sample was taken at 291.0 nm.
In vivo Studies
Male albino rats (Sprague Dawley strain, 150±5 g) were utilized for in vivo experimental studies. Niosomes formulation S-60 TFM III was selected for in vivo studies on the basis of their promising in vitro performances. All the animal studies were conducted in accordance with the protocol approved by the Institutional Animal Ethical Committee of Dr. H.S. Gour University, Sagar (registration no. 379/01/ab/ CPCSEA). The drug was estimated in plasma following administration of niosomally entrapped drug and plain drug suspension to study the alteration in bioavailability of drug brought about on its encapsulation in niosomes.
The animals were divided into three groups, each group containing five animals. The first group was treated as control and was fed with PBS (pH 7.4) by oral route. Second and third groups were treated with a single dose of plain griseofulvin suspension (PBS 7.4) and griseofulvin-entrapped niosomes formulation (equivalent to 100 mg griseofulvin per kilogram of body weight) by oral route. Blood samples were withdrawn at 1, 2, 4, 6, 8, 12, and 24 h after dosing. The blood samples were centrifuged, and 100 μl of plasma was separated and immediately frozen until required for analysis. The plasma samples were deproteinized with 100 μl of acetonitrile containing paraphenylphenol, shaken on a vortex mixture, and centrifuged, and 20 μl of the supernatant was analyzed by high-performance liquid chromatography method reported by Vudathala and Rogers (21) . Separation was carried out on reversed-phase C18 column, and the column effluent was monitored using ultraviolet detector at 290 nm. The mobile phase was 45% acetonitrile in 0.1 M acetic acid (pH 3.5) at a flow rate of 1 ml/min.
Statistical Analysis
The results are expressed as mean ± standard deviation (n±3), and statistical analysis was performed with SPSS 10.1 for Windows® (SPSS®, Chicago, USA).
RESULTS AND DISCUSSION
Preparation and Characterization of Niosomes
Niosomes were prepared by thin film method and ether injection method. In thin film method, hydration of dried lipid film with aqueous phase resulted in the formation of niosomal dispersion. In ether injection method, lipids were dissolved in ether and injected into hot aqueous solution, and on evaporation of ether, the lipid bilayer encapsulating the aqueous phase was left. In the lipid mixture, spans were used as nonionic surfactant. Since nonionic surfactant, span 60, has the highest phase transition temperature of 50°C (22) . In all formulations, hydration was carried out above 50°C, i.e., in ether injection method, aqueous phase was maintained at 60± 2°C, and in thin film method, hydration of film was carried out at 60±2°C. Prepared niosomes were optimized on the basis of vesicle size and entrapment efficiency. The optimum Values represent mean ± SD (n=3). The composition ratio indicates the ratio of surfactant:cholesterol:DCP surfactant:cholesterol:DCP ratio was found to be 75:75:1.5, i.e., in formulation TFM III and EIM III. Transmission electron microscopy was performed to study vesicle morphology that revealed that niosomes were spherical in shape (Fig. 1) . The vesicles size was determined by DLS method in a multimodal mode using a computerized inspection system (Malvern Zetamaster, ZEM5002, Malvern, UK). Mean size of niosomes prepared using span 20 was largest as compared to other formulations. Comparative mean vesicle size of niosomes prepared by different method using different surfactants and varied composition are given in Table I . However, results indicate that there were correlations between the vesicle size and entrapment efficiency as function of the preparation method, surfactant-lipid ratio, and preparation method ( Table I ). The mean vesicle size decreases consistently from span 20 to 60 but increases with decreasing surfactant ratio/increasing cholesterol ratio (formulations I to III) in both methods (TFM and EIM). The result of entrapment efficiencies (Table II) shows that the entrapment efficiency increases from span 20 to 60 (opposite trend to the size) and also from I to III (same trend as size) within each formulation method. Moreover, vesicle size and entrapment efficiencies were observed higher in TFM formulations as compared to EIM. The difference was not significant between these formulations (p>0.05). Entrapment efficiency is the percentage fraction of the entire drug that entrapped in the niosomes. Niosomes prepared by thin film method exhibited higher entrapment efficiency than those prepared by ether injection method. Among the type of surfactant used, span 60 always showed highest entrapment in niosomes (76.8%) prepared by both of the methods. Entrapment efficiencies of niosomes prepared by different methods using different surfactants and varied composition are presented in Table II .
In vitro Release Studies
In vitro release studies of griseofulvin from niosomes were performed using dialysis tube containing appropriate volume of griseofulvin-loaded niosomes dispersion placed into a flask containing 100 ml hydroalcoholic solution (methanol-PBS, pH 2) and hydroalcoholic solution (methanol-PBS, pH 7.4). The rate of drug release across the dialysis membrane was slower for drug-loaded vesicles compared to plain drug. The plain drug release in hydroalcoholic solution (methanol-PBS, pH 7.4) was approximately 92% in 24 h. The span 20, 40, and 60 niosomal formulations prepared by thin film method showed release of 52.3%, 48.9%, and 46.8%, respectively, while span 20, 40, and 60 niosomal formulations prepared by ether injection method showed release of 83.5%, 66.8%, and 55.3%, respectively, in 24 h. The plain drug release in hydroalcoholic solution (methanol-PBS, pH 2) was approximately 96.2% in 24 h. The span 20, 40, and 60 niosomal formulations prepared by thin film method showed release of 69.8%, 67.8%, and 63.4%, respectively, while span 20, 40, and 60 niosomal formulations prepared by ether injection method showed release of 88.5%, 78.4%, and 67.8%, respectively, in 24 h. The in vitro release profiles are shown in Figs. 2, 3, 4 , and 5.
Stability Studies
In the present study, the stability of the vesicles was determined by measuring the vesicle size and shape, number of vesicle per cubic millimeter, and residual drug content before and after 30 days at 4±1°C and 25±2°C. Mean vesicle size was found to increase on storage after 1 month. The increase in vesicle size was more in formulations stored at 25± 2°C than at 4± 1°C. Results indicate that prepared Values represent mean ± SD (n=3). The composition ratio indicates the ratio of surfactant:cholesterol:DCP formulation was relatively stable at 4±1°C, as compared to 25 ±2°C (Table III) . The vesicle size of 5.18±0.26 and 4.32± 0.37 μm was recorded at storage temperature of 4±1°C, as compared to initial size of 4.37±0.17 and 3.69±0.19 with S60 TFM-III and S60 EIM-III niosomes formulations, respectively. The increase in size of vesicle was found higher when formulation was stored at 25±2°C as compared to formulation stored at 4±1°C. Effect of storage on number of vesicles per cubic millimeter was evaluated after storage at 4±1°C and 25±2°C for 1 month (Table III) . Marked decrease in number of vesicles was observed when stored at 25±2°C. This effect was found to be less prominent in case of the formulations stored at 4±1°C. In comparison of formulation S60 EIM-III, the formulation S60 TFM-III showed better stability as reduction in number of vesicles was found to be less. Storage stability was also evaluated in terms of percent residual drug remaining in the vesicle, considering initially drug content as 100%. At 4±1°C, there was a minimum loss of drug but marked reduction in the residual drug content was found when formulations were stored at 25±2°C (Table IV) .
In vivo Studies
Niosomal formulation exhibited a much faster absorption and reached a peak concentration in plasma (C max ) in approximately 2 h, whereas plain griseofulvin exhibited slow absorption and reached C max in approximately 4 h (Fig. 6) . The faster absorption of griseofulvin entrapped niosomal formulation was attributed to transcytosis of M cells of Peyer's patches at the intestinal lymphatic tissues. The niosomal formulation showed better result in comparison to plain griseofulvin. The concentration of griseofulvin in plasma after 1 h (C 1 h ) was found to be 0.37 μg/ml in case of plain drug as compared to niosome formulation (1 μg/ml). The C max achieved by plain griseofulvin was 1.54 μg/ml while C max achieved in case of griseofulvin-entrapped niosomes was found to be 2. 98 μg/ml. There was significant (p=0.0033) difference in concentration of both formulation at 2 h. The retarded release of griseofulvin from niosomes also enhanced AUC 0-24 (Table V) . There was a significant increase in AUC for niosomal formulation (41.56 μg/ml hr) as compared to plain griseofulvin (22.36 μg/ml hr). Niosomal formulation has shown an increase in the absorption rate of drug as well as an increase in the bioavailability of drug as compared to plain drug. In vivo studies also revealed that niosomal formulation have potential of maintaining therapeutic level of griseofulvin for a longer period of time as compared to plain griseofulvin.
DISCUSSION
Niosomes were prepared by thin film method and ether injection method. Transmission electron microscopy revealed that niosomes were spherical in shape. Niosomes prepared by thin film method exhibited higher entrapment efficiency than those prepared by ether injection method. Among the type of surfactant used, span 60 always showed highest entrapment in niosomes prepared by both of the methods. Physicochemical properties of drug might have well correlated with the hydrophilic-liphophilic balance of span 60. As griseofulvin associates with lipid bilayers, entrapment efficiency depends upon bilayer formation, which might be high in niosomes prepared using span 60 in thin film method. The increase entrapment efficiency might also be result of partly uniform vesicle size and due to well-packed bimolecular film formation. The data indicate almost linear increase in entrapment efficiency on increasing total lipid concentration; higher lipid concentration might have resulted in higher encapsulation volume and thus, increases entrapment efficiency. DCP was included in bilayer composition to impart negative charge because negative charged vesicles have been reported to be more efficient for drug delivery. DCP also provides the stability to the system and prevents the agglomeration and aggregation of vesicles.
In vitro drug release was shown to be retarded by entrapment of griseofulvin in niosomes. Inclusion of cholesterol markedly reduced the reflux of griseofulvin during release phase, which is in accordance with the membranestabilizing activity of this lipid (23, 24) . Span 60 formulation has shown highest retarded release possibly because it bear higher phase transition and higher lipophilicity thus to be less permeable.
During storage, drug leakage and loss in number of vesicles were observed. Lipid vesicles are self assembles of amphiphiles into closed bilayers structures. Hydrated bilayer vesicles, however, are not considered to be thermodynamically stable and are thought to represent a metastable state in that the vesicles possess excess of energy bilayer phospholipids, which can undergo chemical degradation such as oxidation and hydrolysis. Due to this change, vesicular systems maintained in aqueous dispersion may aggregate/ fuse, and encapsulated bioactive material may tend to leak out from the bilayer structure during storage. The highest stability profile of S60 TFM-III might be attributed to the membrane-stabilizing effect of cholesterol. The loss of vesicles could be attributed to the disruption/aggregation of vesicles. At 4±1°C, a minimum loss of drug was observed, which might be attributed to the regidization of the vesicles at low temperature that reduced the permeability of the drug through the membrane. Thus, from the results obtained, it can be concluded that prepared vesicular systems are more stable at 4±1°C, as compared to storage at 25±2°C in terms of mean vesicle size, number of vesicle per cubic millimeter, and residual drug content.
In vivo studies revealed that niosomal formulation exhibited a much faster absorption and reached a peak concentration in plasma (C max ) faster as compared to plain griseofulvin, which exhibited slow absorption. The plain griseofulvin showed higher release in vitro because it passes easily through the pores of dialysis tube. However, when plain drug was administrated orally, it did not attained higher concentration in the blood and showed higher t max due to poor solubility and absorption profile. On the contrary, niosomal formulation could have absorbed through Peyer's patches. This might be the reason behind the lower in vivo t max shown by the niosomal formulation. The faster absorption of griseofulvin entrapped niosomal formulation might be attributed to transcytosis of M cells of Peyer's patches at the intestinal lymphatic tissues. The retarded release of griseofulvin from niosomes also enhanced AUC 0-24 .
CONCLUSION
The in vitro release, in vivo blood level, and pharmacokinetic studies indicated potential of developed griseofulvinentrapped niosomes formulation for faster absorption and augmenting the bioavailability of griseofulvin. The developed system has also shown potential of maintaining higher level of griseofulvin for a longer period of time as compared to plain griseofulvin, which suggested that this system can also act as a depot formulation inside the body. From the present study, it can be concluded that niosomes can be used efficiently for enhancing bioavailability and for sustained delivery of griseofulvin via oral route.
